24 Bacterial blotch is a complex of diseases, caused by Pseudomonas tolaasii and other Pseudomonas 25 spp., whose growth may be influenced by other microorganisms associated with mushroom caps.
7 137 (Macherey-Nagel, Bethlehem, PA, USA). The samples containing macerated mushroom tissue 138 resulting from the post-washate and whole methods were directly transferred into the extraction 139 tubes (~100 mg) and further extracted as suggested by the manufacturer. 151 cycles of 94°C for 45 sec, 50°C for 60 sec, and 72°C for 90 sec; followed by a final elongation for 152 10 min at 72°C.
153
The resulting amplicons were cleaned using Mag-Bind TotalPure NGS (Omega Bio-Tek, 154 Norcross, GA, USA) magnetic beads. The target gene primers were designed with overhang 155 regions for a secondary PCR to attach the barcodes and standard Illumina adapters, and 156 accordingly 5 μl of cleaned PCR product, 12.5 μl of 5Prime Hotstart Mastermix, 2.5 μl of water, 157 and 2.5μl of each index primer (10 μM) were added to each reaction and amplified under the 158 following conditions: 98°C for 1 minute; 8 cycles of 98°C for 15 seconds, 55°C for 30 seconds,
RESULTS

231
There were significant differences in bacterial composition depending on the health status 232 of the mushrooms (P = 0.001) and sampling method (P = 0.009) ( Figure 2A ). Within the 233 mushroom cap, Proteobacteria and Bacteroidetes were the most abundant bacterial phyla 234 regardless of extraction method or mushroom health status ( Figure 2B ). No significant differences 235 were detected in the interaction between health status and sampling method (P = 0.929, Figure   236 2A). Thus, we discuss the main effects (sampling method or health status) in separate sections 237 below.
238
With regards to alpha diversity, no significant interactions were observed between 239 sampling method and mushroom health based on Shannon diversity (P = 0.7320), OTU richness 240 (P = 0.7940), and Pielou's eveness (P = 0.7498). Among the three bacterial sampling methods, 241 washate and post-washate exhibited the highest Shannon diversity (P = 0.027) and Pielou's 242 eveness (P = 0.0359) ( Figure 3AC ). However, no significant differences were detected for 243 observed OTU richness (P = 0.312) ( Figure 3B ). When we compared diversity metrics based on 244 mushroom health status, we observed higher Shannon Diversity (P < 0.001), OTU richness (P < 245 0.001), and Pielou's evenness (P = 0.004) in asymptomatic mushrooms ( Figure 3A -C).
246
247 Overall difference between asymptomatic and symptomatic mushroom microbiome
248
As stated previously, differences were observed in bacterial composition depending on the Figure 5C ).
273
Interestingly, particular taxa differed with respect to whether they were overrepresented in 298
The long-term goal of our research is to understand the microbial factors influencing 299 spatio-temporal dynamics of bacterial blotch pathogens from the genus Pseudomonas on 300 mushroom (Agaricus bisporus) caps and disease development with the goal of manipulating these 301 pathogens to increase commercial mushroom yield and quality. Results from a variety of studies 302 using culture-dependent methods lead researchers to hypothesize that the mushroom cap 307 2019). The data presented here provide several significant advances for our work and research in 308 this field. This is the first research using culture-independent methods to demonstrate that distinct 309 bacterial communities are present on mushrooms caps whose health status can be differentiated as 310 either symptomatic or asymptomatic through visual observation. Next, the novel finding that the 311 sampling approach significantly impacts the description of microbiomes associated with 312 mushroom caps ( Figure 2A ; Figure 3AC ; Figure 5 ) may indicate that the tightly-adhering/internal 313 bacteria are compositionally distinct from those that are loosely associated with the mushroom 314 cap. This research provides a preliminary evaluation of an ESV diagnostic approach for describing 315 pathogen communities and demonstrated its value and limitations for identifying various 316 mushroom blotch pathogens. 333 understand what influence bacterial succession, and in particular pathogen succession is having on 334 mushroom health status, it was necessary to first determine whether there is a difference in 335 microbiome composition on mushroom caps that are visibly observable as either symptomatic or 336 asymptomatic. A second reason for concentrating on bacteria was that it helps to characterize 337 potential relationships between blotch pathogens and interactions with other bacteria.
338
The data presented here demonstrate that bacterial composition differed between 339 symptomatic and asymptomatic mushrooms (Figure 2A) , with higher bacterial diversity observed 340 in asymptomatic rather than symptomatic mushrooms ( Figure 3A ). For example, there were 14 341 and 36 more overrepresented taxa internal or tightly-adhering to the mushrooms for symptomatic 342 ( Figure 5B ) and asymptomatic ( Figure 5C ) mushrooms, respectively. Particular families within 367 produce catalase and oxidase (Lambiase A, 2014), which may be involved in cell wall degredation 368 in mushroom. However, there is no published link between the presence of bacteria from 369 Enterobacteriaceae and Sphingobacteriaceae and blotch in mushroom.
370
The second significant advance from this work is the finding that sampling approach can 371 impact the resulting description of the bacterial composition associated with mushrooms caps 372 ( Figure 2A ; Figure 3AC ; Figure 5 ). Compared to the washate/post-washate methods, the whole 373 mushroom did not differ regarding the two most abundant phyla: Proteobacteria and Bacteriodetes 374 ( Figure 2B ). Howevever, a lower Shannon Diversity and Pielou's Eveness were found for the 418 Pennsylvania. Additionally, sequences for other unnamed PA blotch pathogens were similar to 419 detected ESVs (e.g., BP1286 and ESV21). Although, isolation of strains with these ESVs from 420 these samples followed by testing of pathogens from these communities would provide final 421 confirmation of the presence of these pathogens in the samples with these ESVs, it appears that 422 ESVs from this 16S rRNA gene fragment may be diagnostic for some pathogens.
423
Previously, P. protegens, a soilborne organism used for biological control of soilborne 424 fungal pathogens of plants, was shown to cause mushroom browning and discoloration similar to 425 symptoms produced by blotch pathogens (Henkels et al. 2014 ). To our knowledge, it has never 426 been isolated from mushrooms with blotch from a commercial mushroom facility or elsewhere.
427 The data presented here indicate that P. protegens was not present in or on the mushrooms sampled 428 as none of the ESVs were closely related to P. protegens.
429
It is likely that the ESV approach with this sequence fragment is not diagnostic for the most 
